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EFFECT OF SEVERAL AFTERBODY MODIFICATIONS INCLUDING 
TERMINAL FAIRINGS ON THE DRAG OF A SINGLE-ENGINE 
FIGHTER MODEL WITH HOT-JET EXHAUST* 



By John M. Swihart, Harry T. Norton, Jr., 
and James W. Schmeer 


SUMMARY 


An investigation of the drag characteristics of several boattail 
afterbodies and afterbody terminal fairings has been conducted in the 
Langley l6-foot transonic tunnel utilizing a single-engine fighter mo 
with a hot- jet exhaust. The tests were made over a Mach number range g 
from 0.80 to 1.10 at jet total-pressure ratios up to 9* The turbo jet -g 
exhaust was simulated with a hydrogen peroxide gas generator at a totg>l 
temperature of about 1,350° F. 

The results of the investigation indicate that the drag of these' 



complex airplane configurations (without terminal fairings) follow the 
same trends as simple boattailed bodies of revolution; however, the 
interference effects of aerodynamic surfaces and protuberances can be 
large. It was also indicated that one type of afterbody terminal fairing 
which consisted of 8 bodies designed to improve the afterbody fineness 
ratio, to eliminate the excess base area, and to provide forward sloping 
surfaces for the underexpanded jet to act upon, reduced the drag below 
that of the best boattailed afterbody over most of the Mach number range 
of the investigation. 


INTRODUCTION 


Many investigations have been conducted in recent years on the 
effect of the jet exhaust on afterbody drag. (For example, see refs. 1 
to 6. ) These investigations have all served to define the cause and to 
offer some solutions for the drag problem due to jet interference. Ref- 
erence 6 presented pressure distributions and external pressure drag 
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coefficients for a series of afterbodies on a single-engine fighter 
model. One purpose of the present paper is to present the force and 
moment data for most of those afterbody configurations. An additional 
purpose is to show the drag coefficients and present a brief design 
analysis for afterbody modifications called terminal fairings. These 
terminal fairings, or small bodies applied externally to the basic after- 
body, are designed to utilize the present knowledge of jet interference 
to reduce the afterbody drag and to improve the airplane performance. 

Some preliminary results of an application of the afterbody terminal- 
fairing idea are given in reference 7. 

The Mach number range of the investigation was from 0.80 to 1.10 
and the average Reynolds number based on wing mean aerodynamic chord 

was 5 X 10^. A hydrogen peroxide turbojet engine simulator (ref. 8) was 
used to provide the hot- jet exhaust. The angle -of -attack range was 
from 0° to 5° but only the data for an angle of attack of 0° are reported 
herein. 


SYMBOL 


All force and moment coefficients reported herein are for the 
fuselage-tail combination in the presence of the wing and are based on 
wing area but do not include the wing forces and moments. 


A 

AR 

b 

C D 


"m 


area 

aspect ratio 
wing span 

drag coefficient, D/qS 

lift coefficient, L/qS 

pitching-moment coefficient, M/qSc 

„„ . , ^local “ -Poo 

pressure coefficient, 

1 


c local chord 

c wing mean aerodynamic chord 
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root chord 
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^sJ^s 
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Po 


A 


tip chord 
drag 

diameter 

hydrogen peroxide (90 percent concentration by weight) 

incidence angle of horizontal tail, relative to fuselage 
center line 

lift 

distance from plane of base, positive downstream 
Mach number or pitching moment referred to 0.25c 
absolute pressure 

ratio of jet total pressure to free-stream static pressure 
dynamic pressure 

wing area, includes area blanketed by fuselage 
corrected secondary- to-primary weight -flow ratio 

boattail angle measured in planes normal to plane of base 
(see fig. 3 ) 

fuselage meridian angle 

angle of sweep 


Subscripts: 


b 

i 

<3 

e 


base 

internal 

jet 

exit 

free-stream conditions 



bal measured by balance ^ 

p primary 

V" 

s secondary 

1, 2, 3 axial stations 


APPARATUS AND METHODS 


Tunnel and Support System 

The investigation was conducted in the Langley l6-foot transonic 
tunnel which is a single-return atmospheric wind tunnel with air exchange 
and an octagonal slotted- throat test section. The bifurcate- sting sup- 
port system used with this model is shown in figures 1 and 2 and is 
described in reference 6. 


Model 

The single-engine turbojet fighter model used for this investigation 
was the same model described in reference 6. Figure 1 is a sketch which 
gives the general dimensions of the model and support system. Figure 2 
shows photographs of the single-engine fighter model installed in the 
Langley l6-foot transonic tunnel test section. Figure 3 shows sketches 
of afterbodies A , B, and D of reference 6 and gives details of the 
engine-ejector arrangements used in the models. Photographs of the three 
afterbodies and the three types of afterbody terminal fairings are shown 
in figure Sketches of the three types of terminal fairings with typ- 
ical cross sections and dimensions are shown in figure The type I 
fairings were fitted on afterbody A, the type II and III fairings, on 
afterbody B. Table I gives detailed dimensions for the type I terminal 
fairings. An appendix is included in the paper which gives the design 
principles for the type I terminal fairings. 

The type II terminal fairings consist of five bodies placed sym- 
metrically about the fuselage vertical center line. They were designed 
to fit afterbody B with the skeg (tail hook and bumper fairing) in 
place. These bodies were designed subsequent to the type I fairings 
and were designed primarily to obtain beneficial supersonic interference. 
It was reasoned that the positive pressure field created by the upstream 
portion of the terminal bodies would create beneficial interference on 
the afterbody and in the base region. No particular attempt was made 
to secure beneficial jet interference or thrust forces on the terminal 
bodies themselves. The type III terminal fairings are actually five 


sets of auxiliary air inlets which exhaust air into the "base region. 

They have the same general design objective as the type II fairings and 
are also attached to afterbody B. It was estimated that beneficial 
interference effects would be obtained on the afterbody between the 
fairings at supersonic speeds. The objective of taking air into the 
fairings was to see whether this air would recover pressure along the 
converging afterbody and thereby reduce the afterbody and base drag. 

Figure 6 is a cutaway view of the model showing the location of 
the six-component strain-gage balance and the thrust balance . The wing 
was rigidly attached to the support system and the fuselage- tail com- 
bination was mounted to the six-component balance supported by the wing. 
Flexible diaphragm seals were used at the juncture between the wing and 
the fuselage. The hydrogen peroxide turbojet simulator was supported 
from the wing in such a manner that the external drag was measured sep- 
arately from the thrust. The details of these two systems have been 
described in reference 


Turbojet Simulator 

A hydrogen peroxide turbojet engine simulator with a convergent 
nozzle and ejector was mounted in the model as shown in figures 1 and 6, 
and the convergent nozzle and ejector was a l/7.5-scale model of the 
exit of engine B of reference 8. Complete details of the operation and 
the characteristics of the hydrogen peroxide turbojet engine simulator 
are given in reference 8. 






A. 


Tests 


The model was investigated over the Mach number range from 0.80 
to 1.10 at 0° angle of attack. The average Reynolds number based on c 

was about 5 x 10^ for this Mach number range. All configurations were 
tested at nonafterburning cruise operating conditions; some were inves- 
tigated with the primary nozzle opened to afterburner position and at 
angle of attack; however, only the 0° angle of attack nonafterburner 
conditions are reported herein. Jet- on data were taken at primary jet 
total-pressure ratios p_j_ p ro of 2, 3, ^ 5, 1 , and sometimes 9- 

Secondary air was supplied to the ejector through a small nose 
inlet. Figure 7 shows the variation of the corrected secondary weight- 
flow ratio with primary total-pressure ratio for afterbodies A, B, and D 
at all Mach numbers. Inasmuch as the same nose inlet and engine ejector 
combinations were used with the terminal fairings, the same variations 
apply as for the basic afterbodies. 
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Instrumental ion 

Fuselage-tail forces and moments were obtained on the six-component 
strain-gage balance. Pressures were measured on the afterbodies, bases, 
in the primary and secondary exits, secondary inlet, and inside the 
model. Temperatures were also measured in the primary jet and the sec- 
ondary system. Table II lists the locations of the pressure orifices 
on afterbody A with type I terminal fairings and on afterbody B with 
the type II and III terminal fairings for which data are presented in 
this paper. The pressure tubing from these orifices was conducted out 
of the model through the wing and support booms to a pressure transducer 
manifold such as is described in reference 9. 


Data Reduction 

The electrical signals from the strain-gage balances and the elec- 
trical pressure transducers were transmitted to carrier amplifiers and 
then to recording oscillographs located in the tunnel control room. The 
trace deflections on the recorder film were converted to forces, moments, 
pressures, and temperatures by machine computation. The forces, moments, 
and pressures were then converted to standard coefficients by machine 
computation. References 6 and 9 describe the technique for obtaining 
simultaneous force and pressure data while the jet is operating. 

The cutaway view of the model shown in figure 6 outlines the drag 
system of the model. The external drag of the fuselage-tail combination 
is defined as follows: 


D = ^bal + (Pf 



Figure 6(b) shows the location of the pressure measurements and areas 
used in the equation. No measurements of the thrust forces are reported 
in this paper since the thrust balance was inoperative for most of the 
terminal-fairing investigation. 


Accuracy 

The following is the estimated accuracy of the data presented in 
this paper: 

M 



±0.005 

±0.0015 
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C L ±0.005 

±0.001 


C p . . 

p t,a/ p » 

W P| T P 


± 0.01 

± 0.2 


± 0.01 


RESULTS AND DISCUSSION 


Basic Aerodynamic Coefficients 

The variation of the basic aerodynamic coefficients Cp,, C^ and 
C m with jet total-pressure ratio ^jVoo i- s shown in figures 8 and. 9 

for afterbodies A, B, and D, and the three types of terminal fairings. 
The drag-coefficient data generally indicate the familiar trend with 
increasing pressure ratio; namely, a slight decrease in C-p to a pres- 
sure ratio of about 2, followed by an increase in Cp until near a 

pressure ratio of ^ or 5> and. then another decrease with further 
increases in pressure ratio. Comparison of the data in figure 8(a) with 
the afterbody pressure drag coefficients presented in reference 6 indi- 
cates that the increments in drag coefficients between the various fuse- 
lage combinations are approximately the same as the increments between 
the various afterbodies which were shown in reference 6. 

It is noted that the effect of jet pressure ratio on the drag 
coefficient of the type I terminal fairings does not show the familiar 
trend indicated previously. The jet appears to have a beneficial effect 
on the drag coefficient for pressure ratios up to about 5 "the sub- 
sonic Mach numbers. This beneficial interference effect will be shown 
later to have a significant effect on the afterbody drag performance at 
typical engine operating pressure ratios. 


Pressure Coefficient Data 

Figure 10 shows the variation of pressure coefficient over the 
afterbodies, and various surfaces of the terminal fairings at several 
values of jet total-pressure ratio, and two Mach numbers. Note that 
the zero axes on the ordinate are shifted for each nominal value of 
jet pressure ratio, and care should be exercised in reading the curves. 
The data with the terminal fairings in place are compared with the basic 
afterbody to detail the pressure field changes on the afterbodies due 
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to Jet interference and the interference fields of the terminal fairings. 
The pressure- coefficient data will he discussed in more detail in an 
analysis of the drag results of the various afterbodies to he presented 
subsequently in this paper. 


Drag Performance of Various Conf igurations 

Conventional afterbodies . - Figure 11 shows the effect of Mach num- 
ber on the drag coefficients of afterbodies A, B, and D, and the three 
types of terminal fairings for constant values of Jet total-pressure 
ratio. The data indicate that afterbody D has the lowest fuselage-tail 
drag coefficient for the conventional afterbodies over most of the Mach 
number range at most values of Jet total-pressure ratio. The lower drag 
coefficients for afterbody D are an indication that the drag of these 
airplane configurations (without terminal fairings) follow the same 
trends as simple bodies of revolution (ref. 3). The similarity of the 
drag coefficients for afterbodies A and B, in spite of a large difference 
in boattail angle, is an indication that the interference effects of 
aerodynamic surfaces and protuberances must be considered in the design 
of the afterbody shape. The foregoing conclusions were noted in refer- 
ence 6 and the data presented herein have served to substantiate those 
conclusions . 

Terminal fairing configurations . - The data of figure ll(b) indicate 
that the type I terminal fairings, designed to improve the afterbody 
fineness ratio, eliminate excess base area, and provide forward sloping 
surfaces for the underexpanded Jet to act upon (see appendix) generally 
has the lowest drag coefficient of any of the terminal fairing types. 

A clear-cut reason for the general superiority of the type I terminal 
fairings cannot be given because of differences in the afterbodies to 
which the terminal fairings were applied, to presence of skeg on after- 
body B (see ref. 6), and to the difficulty of checking the force data 
on these very complex configurations by integration of the local pres- 
sures. Examination of the pressure coefficients presented in fig- 
ures 10 (a) to 10 (d), however, shows that a more positive pressure coef- 
ficient increment is induced on certain regions of the fuselage and 
that pressure coefficients as high as 0.5 are developed on the Jet sur- 
face of the type I terminal fairings. 

It was stated previously that the type II and III terminal fairings 
were designed in a different manner from the type I. It was desired to 
obtain beneficial supersonic interference fields with the type II and III 
fairings and thereby reduce the drag at supersonic speeds. Comparison 
of the data in figures ll(a) and ll(b) indicates that this aim was accom- 
plished. The increase in the level of the subsonic drag coefficient 
for the type III fairings, however, was undesirable and was probably 
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the result of separation of the boundary layer in the vicinity of the 
fairing inlet and inlet drag. 

Performance at operating jet pressure ratios .- The data in figure 11 
have all been presented for constant values of jet total-pressure ratio. 
Inasmuch as an airplane, when it is accelerating, would be operating at 
a different value of pressure ratio at each Mach number, the conf igura- 
tions are compared in figure 12 on this basis. The selected variation 
of jet total-pressure ratio with Mach number is presented in figure 12 
for engine B of reference 8 at military power (nonafterburning). 

The data indicate that the type I terminal fairings improve the 
drag coefficient of afterbody A by about 0.0030 at M = 0.80 
(fig. 12(c)), show a loss of about 0.0015 near M = 1.00, and improve 
the drag coefficient again by about 0.0050 at a Mach number of 1.06. 

An airplane equipped with the type I terminal fairings should realize 
an improvement of about 15 percent in the subsonic cruise range at a 
Mach number of 0.90 over an airplane fitted with afterbody A. There 
should also be an increase in the supersonic performance, inasmuch as 
the drag coefficients for the type I terminal fairings are lower than 
those of configuration A. In addition, reference 7 indicates an 
improvement in performance for afterburner -on operation which would be 
required for operation at the supersonic speeds. 

The type II fairings have about the same subsonic drag coefficient 
as afterbody B but show an improvement of about 0.0020 in drag coeffi- 
cient at a Mach number of 1.06 (fig. 12(a)). It is surprising, but 
the type III fairings appear to be better than either the type II 
fairings or afterbody B at a Mach number of 1.06. Inspection of the 
pressure-coefficient data in figures 10(e) and 10(f) shows a strong 
expansion just inside the inlet of the scoop (rows 2 and 5) and- a gen- 
eral recovery toward the base . The pressures measured on rows 2 and 5 
appear to be much more negative when the fairings are in place than 
those for afterbody B with the fairings removed. A compensating effect 
may be that the pressures in the field outside the fairings are gen- 
erally more positive than those for the basic body at the supersonic 
speeds, as evidenced by the data at rows k, 5, and J (fig. 10(f)). 

These more positive pressures are probably also being experienced along 
the rearward portions of the horizontal and vertical tails, and thus 
cause a further improvement in the drag coefficient with the type III 
fairings installed. 

For comparison, the drag coefficients for the type I fairing are 
plotted with afterbody B drag coefficients in figure 12(b), and it is 
noted that the type I fairings have a lower drag coefficient over most 
of the Mach number range investigated. Some of the possible reasons 
for this result have been noted previously. 
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Afterbody D was established in reference 6 as the best of the 
boattailed afterbodies, and this has been shown again herein. This 
afterbody is compared with the best of the terminal fairings (type I). 

(See fig. 12(d).) The data indicate that the type I terminal fairings 
are slightly better than afterbody D over most of the Mach number range 
investigated. The lower drag coefficients for the type I terminal 
fairings can be explained when it is noted that, as the jet pressure 
ratio increases, the drag coefficient for the type I terminal fairings 
decreases, whereas the drag coefficient of afterbody D generally increases 
substantially. (See fig. 8(a) and ref. 6.) It is reasoned that the 
jet-interference flow field is beneficial for the type I terminal fairings 
(see figs. 10(a) and 10(b)) but is detrimental to afterbody D (fig. 8(a)). 
This result (namely, that the type I terminal fairings have lower drag 
coefficients than the best boatt ailed afterbody (afterbody D) ) is of 
practical significance, inasmuch as it indicates that a terminal-f airing 
installation can be constructed that is as good as or better than a good 
conventional afterbody. This could result in a good engine-terminal 
fairing combination being designed with fixed afterbody geometry, which 
might make a substantial saving in weight and complexity. The conclusion 
just stated has also been indicated in references 7 and 10. The perform- 
ance improvement obtained with the use of afterbody terminal fairings 
indicates a need for further research on this type of afterbody-engine 
combination. 


CONCLUSIONS 


An investigation of a single-engine fighter model with a hot-jet 
exhaust in the Langley l6-foot transonic tunnel over a Mach number range 
from 0.80 to 1.10 has led to the following conclusions: 

1. The drag of these airplane afterbodies (without terminal fairings) 

generally follows the same trends as simple boattailed bodies of revo- » 

lution; however, interference effects of aerodynamic surfaces and pro- 
tuberances can be large. 

2. The application of afterbody terminal fairings to a highly boat- 
tailed conventional afterbody resulted in a reduction in drag coefficient 
over most of the Mach number range. 

3 . A comparison of the best of the terminal fairings with the best 
conventional boattailed afterbody indicated that the terminal fairing 
model had lower drag coefficients over most of the Mach number range. 


% 


ly-cy-^oi. 
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4 . The reduction in drag coefficient with the type I terminal 
fairings was the result of beneficial jet interference on the terminal 
bodies and on the fuselage ahead of the base. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Langley Field, Va., August 19 , 1958 . 
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APPENDIX 

DESIGN CONCEPT OF TERMINAL FAIRINGS 


Research results obtained, in recent years indicate that most fuse- 
lages and nacelles for afterburning jet engines experience very important 
excessive base and boattail drags in afterburner-off cruising flight. 

As illustrated in sketch 1 , the variable area primary nozzle is contracted 
in the nonafterburning operating condition to maintain the proper mass 
flow through the engine. This contraction of the exit area produces a 



Sketch 1 


large base area through which only a small amount of cooling air flow 
passes. For this type of 'configuration, the jet aspirates the flow 
over the base and in any separated region of the boattail to much lower 
pressures than would exist without the jet. 


The terminal fairing idea is based on a combination of the tran- 
sonic area rule and transonic wind-tunnel theories. As illustrated in 
sketch 2, several three-dimensional bodies, terminal fairings, "horns,' 1 
or slotted afterbodies, as they are variously called, are extended rear- 
ward from the steep portion of the boattail to form a slotted surface 
surrounding the nozzle of the primary jet. According to the area rule 
theory, this addition to the body will effectively increase its fine- 
ness ratio and greatly reduce the effective slope of the boattail, reduce 
its pressure drag, and tend to eliminate flow separation. In addition, 
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the increase in pressure over the boattail, together with the elimina- 
tion of flow separation, should cause a major increase in the pressures 




Sketch 2 


over the base, reduce base drag, and also cause the jet effects to 
become favorable instead of unfavorable. 

The terminal-fairing idea resembles the NACA transonic-wind- tunnel 
scheme in that the internal and external flows are not isolated rear- 
ward of the start of the slots . The external flow can penetrate the 
slotted surface to raise pressures over the rear portions of the boat- 
tail and the base. The jet flow also is not confined; therefore, sepa- 
ration losses due to overexpansion of the jet (such as occur in the 
case of the convergent-divergent nozzle below design pressure ratio) 
can be avoided. In addition, in afterburner operation at high jet 
pressure ratios (such as occur in supersonic flight), the high pressure 
flow at the exit nozzle will impinge on the rearward facing surfaces 
of the terminal fairings and produce thrust forces through the mecha- 
nism of increased surface pressures. Boundary -layer — shock-interaction 
effects can also produce thrust forces on the boattail regions. Thus, 
the fixed-geometry terminal fairings can provide a part of the thrust 
benefits of the diverging part of a convergent -divergent nozzle. The 
amount of thrust that can be recovered with such an arrangement is 
presently "unknown. 

In an attempt to apply these principles to an actual model and to 
avoid, if possible, the local acceleration of the flow experienced with 




a preliminary design, the area distribution of the single-engine fighter 
model was utilized as indicated in the following sketch: 



Sketch 5 

The area distribution of the basic model has steep slopes and a 
large base annulus which is conducive to high afterbody drag. It was 
decided to add area between a certain body station where the slope was 
relatively low and the rearmost point of the vertical tail. The selec- 
tion of both the start and ending of the area to be added was arbitrary, 
but some attention was given to limiting the length of the terminal 
fairings to something practical. The area added was to approximate the 
area of a Sears-Haack body (^A-power series) between these two arbi- 
trary points and was divided between eight terminal fairings. Because 
the angle of boattailing was not symmetrical about the jet axis (see 
figs. 3 and 4), the eight terminal fairings were not exactly similar. 

The lines of each were faired smoothly into the forward fuselage and 
an attempt was made to eliminate any increase in area on the streamwise 
surfaces. The coordinates of each terminal fairing are given in table I 
and a typical cross section of the fairings is given in figure 5* Ref- 
erence 7 shows some performance data for more recent designs of this 
terminal-fairing idea utilizing both nonafterburning and afterburning 
primary nozzles and also discusses the refinements to these design 
concepts . 
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TABLE I.- DEVELOPMENT OF TYPE I TERMINAL FAIRINGS 


Fairing 


Fairing station. 


2 and 8 


3 and 7 


■ 

I 


4 and 6 



(a) Afterbody A and type I terminal fairings 
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balance j 

Sla. 66.7 


Sfa. 92 


WING 

area, (nominal), S 4.44 sq ft 

_ 4.00 

35° 

1 7.273 in. 

8.636 in. 

65A006 airfoil sections- streamwise 
2.4 %c leading-edge camber 
ratio. — 0.50 


FUSELAGE 


Length — 66.7 in. 

Max. height... ...9.0 in. 

Max. width 8.6 in. 


Area ruled for M = 1.0 


! VERTICAL TAIL 


44° 97" 

Roof section 

....NACA 0006 

Tip section 

....NACA 0006 

Cr 

14.000 in. 


i HORIZONTAL TAIL 

A c/4 — 

....35° 

Root section 

...NACA 65 

Tip section 

...NACA 65 

c r 

..9.893 in. 

q 

..3.960 in. 







0-^-?0L 






Figure 2.- Continued. 







L-95249 

(e) Three-quarter front view with afterbody B and type II terminal fairings 
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* = 0*; 0 = 13* 

* 45*; P = 14.9* 
^=90*; >9 = 19* 
+=135*; P - 244* 

* = 180°; P-23’ 

A b = 0.0350 ft* 


d b 

ls_ 

d i 

lo 

Z 


*=0°;l9=4° 

* = 45°;l9 = 5* 
*=90’ 19=5.6* 

* = 135*19=8.4* 
*=180°; /Ml* 

Ab = 0.0519 ft e 


dj. 

db 

Zs 

dj 

Is. 

z 


0.666 

0.50 

0.91 

= 0.523 

= 0.58 
= 0.93 

0.51 1 

0.48 

1.17 


.cteristics and dimensions. 












Fairing station 
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Horizontal 
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Figure 10.- Continued. 
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(a) Afterbodies A, B, and D. 

Figure 11.- Effect of Mach number on drag coefficient at constant jet 

pressure ratios. 










